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@ Photoelectric conversion device. 



@ A photoelectric transducer device including a 
plurality of sensor elements made up of photodiodes 
and blocking diodes on a substrate, connected into a 
linear pattern which extends in a primary scanning 
direction, the sensor elements to be driven in a 
suitable sequence to read image data from an origi- 
nal document. Each sensor element include a first 
lower electrode formed on the substrate, a second 
lower electrode, formed on the substrate and elec- 
trically separated from the first electrode, a 



photodiode formed on the first electrode, a blocking 
diode formed on the second electrode for preventing 
crosstalk, and an upper electrode formed on the 
photodiode and blocking diode for electrically con- 
necting them. Lead wires for connecting the sensor 
elements to output circuits extend in the primary 
scanning direction on the first lower electrodes with 
an insulating film in between, the first lower elec- 
trodes being selectively connected to the lead wires 
through holes provided in the insulating film. 
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CROSS-REFERENCE TO RELATED APPLICA- 
TION 

The present disclosure relates to the subject 
matter disclosed in Japanese Application No. 
64925/90 of March 14th. 1990. the entire specifica- 
tion of which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Reld of the Invention 

The present invention relates to a photoelectric 
conversion device (transducer) such as an image 
sensor used, for example, as an image reading 
means in hand-held scanners and facsimile ma- 
chines. 

Description of the Prior Art 

Image sensors come in various types. The 
most typical prior art image sensor Is one In which 
numerous pairs of photodiodes and blocking di- 
odes arranged linearly in a primary scanning direc- 
tion are divided into as many blocks as the number 
of input circuit channels, the blocks being con- 
nected into a linear pattern. 

The above prior art image sensor works as 
follows. The photodiodes accumulate electrical 
charges upon receipt of the light reflect from an 
original document. When one input circuit supplies 
a pulse to the blocking diodes in the corresponding 
block, these diodes are turned on, causing the 
charges In the photodiodes of the same block to 
flow into the output circuits through as many lead 
wires as there are output circuit channels. Each 
input circuit supplies a pulse to the corresponding 
block in turn for the sequential scanning of the 
blockSj thereby to read image data of one line. 

Each paired photodiode and blocking diode is 
formed on a glass substrate of amorphous silicon 
(a-Si) or like semiconductor material in a so-called 
pin junction containing successive "p", "i" and "n" 
layers from the bottom up. a shared lower elec- 
trode or contact connecting the anodes of both 
diodes. The top surface of the semiconductor lay- 
ers of the photodiode has a transparent conductive 
film that allows the reflected light from the docu- 
ment to pass through. The entire diode assembly 
would, of course, be covered with an insulation film 
with the exception of part of the transparent con- 
ductive film or layer and of the lead wire for elec- 
trical connection of the diodes to each other. Re- 
spective upper electrodes or contacts are formed 
on top of the paired photodiode and blocking di- 
ode, and connect the photodiode to a lead wire and 
the blocking diode to the input circuit. A protective 
film is provided as needed over the diode assem- 



bly. 

U.S. Patent No. 4,369.372 discloses an image 
sensor having photodiodes and blocking diodes 
formed on the common lower electrodes, as out- 

5 lined above. 

In crystalline silicon integrated circuits used for 
image sensor applications, the use of aluminum 
(AI) for electrodes and lead wires is generally pre- 
ferred because of its relatively low electrical re- 

70 sistivity. Aluminum can, however, have a number of 
disadvantages. One disadvantage of aluminum is 
its weak adhesiveness to the glass substrate. For 
example, the adhesiveness of aluminum to the 
glass substrate is only one seventh that of chro- 

76 mium (Or). 

Furthermore, the lower electrodes of blocking 
diodes and photodiodes must be made of a ther- 
mally stable metal that will not mix with the semi- 
conductor at temperatures as high as 250* C dur- 

20 ing production of the semiconductor layers. At such 
high temperatures, aluminum tends to diffuse into 
the semiconductor. 

The lower electrodes are required to make an 
ohmic junction with the semiconductor layer 

25 formed immediately thereabove. In this sense, too, 
aluminum is not a preferred substance for forming 
the lower electrodes. 

With the above-described properties taken into 
account, the lower electrodes of blocking diodes 

30 and photodiodes are usually made of such metals 
as chromium (Or), molybdenum (Mo), tantalum (Ta) 
and MoTa, which have high melting points, high 
adhesiveness and thermal stability. 

Since lead wires are directly formed on the 

36 glass substrate, they may be produced during the 
same process as the tower electrodes. Thus, the 
lead wires may be made of the same metal as the 
lower electrode, such as chromium, the selection 
being made in consideration of the metal's adhe- 

40 siveness to the glass substrate and the efficiency 
of its use in the production process. On the other 
hand, the upper electrode, not facing the same 
constraints as the lower electrodes and lead wires, 
may advantageously be formed of aluminum. In 

45 . this manner, lower electrodes and lead wires of the 
prior art diode assembly are formed from chro- 
mium or other metals of high melting point, while 
the upper electrode thereof are formed from alu- 
minum. 

50 Whereas the use of high-melting-point metals 

for the lower electrodes and the lead wires has 
advantages as described above, these metals have 
a disadvantage of a higher electrical resistivity than 
that of aluminum. For example, while the electrical 

55 resistivity of aluminum Is 2.5x1 Qm at o' C and 
3.55x10"^ Qm at lOO'C, the eiectrical resistance 
of chromium (resistance for a volume of unit area 
and unit length) is 1 2.7x1 0"^ nm at 0* C and 
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16.1x10"^ Dm at 100* C. If the wiring of an inriage 
sensor Is fonned from a metal of such high resistiv- 
ity, the time constant of the wiring becomes great- 
er. This results in a reduced response time of the 
image sensor, which will have its effect in the form 
of a lower reading speed. Because the peal< value 
of the image signal drops with higher resistance, 
the sensitivity of the image sensor is lowered and 
its S/N ratio worsens correspondingly. 

In particular, the lead wires play a large part in 
increasing the electrical resistance of the linear 
connection as a whole. This is because the lead 
wires for the primary scanning direction are very 
long. For example, while the lower electrodes for 
the secondary scanning direction are 1 mm long at 
most, the lead wires for the primary scanning di- 
rection are as long as 108 mm for an A6-size 
image sensor and 216 mm for an A4-size image 
sensor. 

One way to reduce the electrical resistance of 
the lead wires is to increase their width. However, 
increasing the width of the lead wires proportion- 
ately, widens the area of the crossover formed 
between the lead wires and the upper electrodes. A 
large crossover capacity of the crossing wires and 
electrodes promotes crosstall< between them. The 
correspondingly lowered MTF (modulation transfer 
function) deteriorates the image quality obtained. 
Thus, there Is a limit to widening the lead wires for 
the purpose of reducing their electrical resistance. 

Another way to lower the electrical resistance 
of the lead wires is to increase their thickness. 
Chromium wires are typically made thousands of 
angstroms thick by evaporation. However, if at- 
tempts were made to increase their thickness, the 
stress that would develop therein during growth 
would make it impossible to form a stable thin film 
thereof. 

Even if a thicker chromium film were somehow 
obtained, the lower electrodes would be corre- 
spondingly thickened since they are formed during 
the same deposition step in which the lead wires 
are formed. This would add to the total thickness of 
the diode assembly when combined with the semi- 
conductor layers. As a result, the insulation film 
formed over these components would tend to have 
pronounced curvature near the periphery of the 
photodiodes and blocking diodes, and cracks 
would likely appear there. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide a photoelectric transducer device, such 
as an image sensor, in which the lower electrode 
arrangement is made of a thermally stable sub- 
stance with high adhesiveness to a glass substrate, 
and the wiring as a whole has reduced electrical 



resistance, thereby to overcome the above and 
other deficiencies and disadvantages of the prior 
art. 

In achieving the foregoing and other objects of 

5 the present invention and according to a first as- 
pect thereof, there is provided a photoelectric tran- 
sducer device comprising an insulating substrate, a 
first electrode or contact and a second electrode or 
contact mounted on the substrate, the second elec- 

10 trode being electrically separated from the first 
electrode, a photoelectric conversion means for 
converting optical radiation impinging thereon to 
electrical energy, the photoelectric conversion 
means being formed on the first electrode, a 

75 switching means formed on the second electrode 
for preventing crosstalk, and a third electrode, 
formed on the switching means and the photoelec- 
tric conversion means, for connecting the two 
means. The photoelectric conversion means are 

20 preferably photodiodes but could also be. for ex- 
ample, charge-coupled devices or phototransistors, 
and the switching means are preferably blocking 
diodes. 

In an arrangement which includes a linear array 

25 of photoelectric conversion means in a common 
block on the substrate, the first electrodes (on 
which the photoelectric conversion means are 
formed) are connected to lead wires for a primary 
scanning direction. The second electrodes, on 

30 which the respective switching means are moun- 
ted, form a single electrode which Is common to, 
and therefore connects, all of the switching means 
of the array of photoelectric conversion means. The 
switching means is therefore provided for crosstalk 

36 prevention. Since the third electrodes which elec- 
trically connect the switching means and the pho- 
toelectric conversion means are formed thereon, 
the static electricity that may be carried by the 
substrate and other parts is readily removed 

40 through the electrode arrangement up until the last 
stage of production. 

According to a second aspect of the invention, 
there is provided a photoelectric transducer device 
comprising a plurality of sensor elements arranged 

45 lineariy, each of the sensor elements being made 
up of a photodiode and a blocking diode connected 
via the anodes of the two diodes (back-to-back 
connection) or via the cathodes thereof (front-to- 
front connection), the sensor elements being driven 

so in a suitable sequence to read image data from an 
original document, wherein each photodiode is 
formed on a first lower electrode or contact moun- 
ted on a substrate, each blocking diode is formed 
on a second lower electrode or contact which is 

55 mounted on the same substrate and is electrically 
separated from the first lower electrode, and an 
upper electrode connects the anodes or cathodes 
of each pair of photodiode and blocking diode. 
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According to a third aspect of the invention, 
there is provided a photoelectric transducer device 
as defined according to the second aspect of the 
invention, wherein the lower electrodes are formed 
as lead wires for a secondary scanning direction. 
Lead wires for the primary scanning direction are 
formed on (cross) the lower electrodes of the 
photodiodes with an insulation layer therebetween. 
In order to connect the sensor elements linearly, 
these lead wires for the primary scanning direction 
are formed concurrently with formation of the upper 
electrodes and are selectively connected to the 
lower electrodes they cross through holes formed 
in the insulation layer. 

Thus, by forming the anode-to-anode (back-to- 
back) or cathode-to-cathode (front-to-front) connec- 
tion of the two diodes through the upper electrode, 
the lower electrodes for the photodiode are free to 
provide the connection to the lead wires for the 
primary scanning direction. 

The lower electrodes are made of chromium, 
or similar metal of a high melting point, to provide 
for adequate adhesiveness to the substrate and 
stability at high temperatures. On the other hand, 
with the lead wires for the primary scanning direc- 
tion connected as needed to the lower electrodes 
through contact holes provided in the insulation 
layer, the lead wires for the primary scanning di- 
rection are in effect formed on the substrate with- 
out direct contact therewith, so tiiat they are not 
subject to the requirements of adhesiveness to the 
substrate. Moreover, since the upper electrodes, 
and the lead wires for the primary direction which 
are provided for linear connection, are not in direct 
contact with the substrate, they are not subject to 
the requirement of stability at the high tempera- 
tures at which the semiconductor layers are pro- 
duced. Not being subject to a requirement of adhe- 
siveness to the substrate and not being subject to 
a requirement of stability at high temperatures, the 
upper electrodes and the lead wires for the primary 
scanning direction may be made, for example, of 
aluminum or other metal of relatively low electrical 
resistance. As a result, the wiring as a whole has 
low electrical resistance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features and advantages of 
the invention may be more completely understood 
from the following detailed description of the pre- 
ferred embodiment with reference to the accom- 
panying drawings in which: 

Fig. 1 is a partial plan view of an image sensor 
according to a preferred embodiment of the 
invention; 

Rg. 2 Is an enlarged sectional view of a sensor 
element taken on line ll-ll in Fig. 1 ; 
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Rg. 3 is a circuit diagram of an image sensor 
according to the invention having a linear con- 
nection; 

Fig. 4 is an enlarged detailed view of one of the 
5 block of sensor elements shown in Rg. 3; and 

Rgs. 5 and 6 are schematic illustrations of sen- 
sor elements according to the invention with 
diodes having pin and nip junctions, respec- 
tively. 

10 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

The preferred embodiment of the present in- 

75 vention will now be described with reference to the 
accompanying drawings. Referring first to Figs. 1 
and 3, the photoelectric transducer device or image 
sensor according to the invention includes n pho- 
toelectric transducer elements 1 (n = 640 in the 

20 illustrated embodiment) arranged on a glass in- 
sulating substrate 10 in a linear array of a substan- 
tially constant pitch. The photoelectric transducer 
elements 1 are equally divided into N sensor 
blocks Bi , .... Bn (N = 40 in the illustrated embodi- 

25 ment), each containing k photoelectric transducer 
elements (k = 16 in the Illustrated embodiment). 
Also provided in each sensor block are diode ele- 
ments 2 respectively connected In series to cor- 
responding ones of the photoelectric transducer 

30 elements 1 (thus, 640 diode elements are provided 
overall). 

An output section consisting of k (16) output 

circuits Ci Cig is provided. Each output circuit 

includes in series a switching element and a stor- 

35 age element as shown in Fig. 3. The storage ele- 
ment SEi. .... SEi6 are connected to the photoelec- 
tric transducer elements 1 of the same ordinal 
position among the 16 photoelectric transducer ele- 
ments in each sensor block Bi, B^o. via cor- 

40 responding first electrodes or contacts 3a thereof. 

The switching elements SWi, ...» SWie are 
provided for transferring the signals stored in the 
storage elements. A tirst shift register SRI is pro- 
vided for controlling the switching elements SWi. 

45 .... SWi 6. Forty (N) switching elements or input 
circuits Ai, .... A40 are respectively connected in 
series to the diode elements 2 of corresponding 
ones of the sensor blocks Bi, B40, via a com- 
mon second electrode or contact 3b thereof. A 

50 second shift register SR2 is provided for controlling 

the 40 switching elements Ai A^o. 

How the sensor element blocks Bi - B4.0 are 
connected to the output circuits Ci - ds and the 
input circuits Ai - A40 will now be explained with 

55 reference to Rgs. 3 and 4. Fig. 4 depicts in detail 
one block Bi included in Fig. 3. In the block Bi of 
Fig. 4, 16 photoelectric transducer elements 1. in 
the fomn of photodiodes, are connected to 16 cor- 
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responding diode elennenis 2, in the form of bloc- 
king diodes, via connector strips 6 at their anode 
contacts 4a, 4b, i.e., back-to-back, to constitute 16 
respective sensor elements 20. The connector 
strips 6 effectively operate as common upper elec- 
trodes for the respective photodiode-blocking diode 
pairs. The cathodes of the 16 photodiodes 1 are 
respectively connected via contacts or electrodes 
3a to 16 corresponding lead wires Li - Lig which 
extend in the primary scanning direction and are 
connected to corresponding ones of the output 
circuits Ci - Cie. The photodiodes of the remaining 
blocks Bz - B40 are similarly connected to the lead 
lines Li - Lis. Thus, the sensor elements contained 
in the blocks Bi - B40 are connected In a linear 
pattern. The cathodes of the 16 blocking diodes 2 
of the block Bi are connected via the common 
electrode 3b to the input circuit Ai. The blocking 
diodes of the remaining blocks Ba - B40 are simi- 
larly connected to the input circuits Aa - A40. 

How the photoelectric transducer device or im- 
age sensor shown in Fig. 3 works will now be 
described. The photodiodes 1 accumulate electric 
charges therein upon receipt of the light reflected 
from an original document. When the input circuit 
Ai supplies negative pulses to the blocking diodes 
2 via the common electrode 3b, these diodes are 
turned on. This causes the electric charges in the 
16 photodiodes 1 in the block Bi to flow into the 
corresponding output circuits Ci - Cis via the 
respective lead wires Li - Lie- When the output 
circuits Aa - A40 in turn supply negative pulses to 
the blocking diodes 2 in the blocks B2 - B*o, these 
blocking diodes 2 are consecutively turned on. (If 
the diodes 1 and 2 were connected front-to front, 
that is cathode-to-cathode, then positive pulses 
would be supplied to the blocking diodes 2). This 
causes the electrical charges in the corresponding 
photodiodes 1 to flow into, the output circuits Ci - 
C16 in turn. Thus, image data of one line is read in 
by scanning the blocks Bi - B4.0 in the manner 
described. The detailed structure and preferred 
method of manufacture of the sensor elements 20 
and the lead wires connected thereto will now be 
described with reference to Figs. 1 , 2 and 3. 

Fig, 2 is an enlarged sectional view of a sensor 
element 20 taken in the direction of lines 11-11 in Fig. 
1 . Referring to Rg. 2, lower electrodes or contacts 
3a and 3b are made of chromium or other metal 
having a high melting point and are formed on the 
glass insulating substrate 10 in the same manner 
as in the prior art. Therefore, the lower electrodes 
have sufficiently high adhesiveness to the glass 
substrate 10, What differs from the prior art is that 
there are two separate (first arid second) lower 
electrodes 3a and 3b instead of one. The lower 
electrode 3a, which is tiie first electrode, is a 
conductor extending in the secondary scanning di- 



rection that connects the cathodes of the 
photodiodes to the lead wires for the primary scan- 
ning direction. The lower electrode 3b, which is the 
second electrode and is common to all of the 

5 sensor elements of a given block, is a conductor 
that connects the cathode of the blocking diode to 
the Input circuit. 

Referring to Fig. 2, the semiconductor layers 
1', which constitute the photoelectric conversion 

10 means of the photodiode 1, are provided on the 
lower electrode 3a. The semiconductor layers 2' of 
the blocking diode 2, which constitute the switching 
means for prevention of crosstalk, are provided on 
the lower electrode 3b. The semiconductor layers 

75 of both diodes 1 and 2, is made of a-Si semicon- 
ductor material or the like. Since the lower elec- 
trodes 3a and 3b are made of a high-melting-point 
metal, they remain stable even at temperatures as 
high as 250* C during manufacture of the semi- 

20 conductor. Thus, diffusion of the lower electrodes 
into the semiconductor layers is negligible, and the 
ohmic junction between electrode and semiconduc- 
tor is maintained. 

On top of the semiconductor layers 1 * and 2' of 

25 the photodiode 1 and blocking diode 2. transparent 
conductor films made of ITO (indium tin oxide) or 
the like are respectively deposited to form the 
contacts 4a and 4b. Then, an insulating film 5 is 
provided over the entire assembly except contact 

30 holes 8 on the transparent conductive films 4a and 
4b and on the low electrode 3a. 

Furthermore, the upper (third) electrode 6 
which Is made of aluminum is then formed on the 
insulating film 5 so as to connect the photodiode 1 

35 to the blocking diode 2. At this point, a back-to- • 
back sensor element connection is provided if the 
semiconductor layers of the photodiode 1 and bloc- 
king diode 2 are connected in what is known as the 
"nip" junction ("n", "i" and "p" layers successively 

40 deposited on the lower electrode), or a front-to- 
front sensor element connection is provided if the 
semiconductor layers are connected so as to form 
a "pin" junction ("p", "i" and "n" layers succes- 
sively deposited on the lower electrode). Image 

45 sensor elements 20A and 20B respectively with the 
pin (front-to-front) and nip (back-to-back) Junctions 
are schematically Illustrated in Figs. 5 and 6. 

The upper electrodes 6 and lead wires Li - Li& 
may both be readily overlaid with a protective tilm 

50 (passivation film) containing polyimide. This kind of 
protective film is stable and readily formed over 
staggered elements such as tiie electrodes 6 and 
lead wires Li -Lis. 

Since the transparent conductive films or con- 

55 tacts 4a and 4b are interposed between the alu- 
minum upper electrode 6 and tiie semiconductor 
layers forming the photodiode 1, and blocking di- 
ode 2. this structure provides the ohmic junction. 
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Because the upper electrode 6 is produced only 
after the semiconductor material has been manu- 
factured at high temperatures, there Is no problem 
in forming the electrode with aluminum, a sub- 
stance that is unstable at high temperatures. 

The lead wires Li - Lie are provided on the 
insulating film 5 in the same manufacturing stage 
as that in which the aluminum upper electrode 6 is 
provided. Thus, the lead wires may also be made 
of aluminum. This Is made possible because there 
are provided two separate lower electrodes 3a and 
3b, with the upper electrode 6 connecting the sen- 
sor elements in the back-to-back construction or 
the front-to-front construction. 

The use of aluminum to produce the lead wires 
Li - Lie has several advantages. Since the lead 
wires Li - Lie for the primary scanning direction 
are far longer than the lower electrode 3a which 
extend in the secondary scanning direction, the 
electrical resistance of the wiring of the linear con- 
nections is drastically reduced. In turn, the respon- 
sive time of the photoelectric transducer device 
and the S/N ratio thereof are significantly improved. 
Moreover, since there is no need to increase the 
widtii of the lead wires Li - Lig to reduce their 
electrical resistance, the area and thus capacitance 
of crossover portions 7 formed between the lower 
electrodes 3a and the lead wires Li - Lie (see Fig. 
1 ) is reduced. With the capacitance of the portions 
7 held low» the quality of the images is spared 
deterioration due to crosstalk between the elec- 
trodes and the leads. 

If there is not sufficient adhesiveness between 
the insulating film 5 and the upper electrodes 6 or 
between the film 5 and the lead wires Li - Lis. the 
upper electrodes and the lead wires may be con- 
structed In a two-layer structure of chromium and 
aluminum. That is, a thin coat or layer of chromium 
is deposited by evaporation on the insulating film 5, 
and is in turn overiaid with a coat or layer of 
aluminum to form the upper electrodes and lead 
wires. Since there exists enough adhesiveness be- 
tween chromium and the insulating film 5 and 
between chromium and aluminum, the two-layer 
structure avoids the problem of relatively poor di- 
rect bonding between aluminum and the insulating 
film 5. Since the resistivity of aluminum is appre- 
ciably lower than that of chromium and other met- 
als of high melting point tiie resistance of the lead 
wires will be correspondingly lower even with the 
two-layer structure. 

Moreover, the electrical resistance may be fur- 
ther reduced by making the lead wires thicker. This 
is possible with the structure according to the in- 
vention because among other reasons, the lead 
wires for the primary scanning direction Li - Lie 
may be formed directly on the insulating film 5 and 
connected to the lower electrodes 3a through holes 
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8 in the insulation film 5 and may be formed of 
aluminum (which is softer and develops less stress 
than high melting temperature conductors such as 
chromium). 

5 On the other hand, chromium lead wires and 

lower electrodes in prior art image sensors cannot 
be made thick. Thick chromium lead wires and 
electrodes have high levels of stress. As a result, 
high stress would be created in the lead wires for 

70 die primary scanning direction and in the lower 
electrodes so that they cannot be made stable. 
Also, in the prior image sensors, conductive con- 
nections must be made between the upper elec- 
trodes (which are at a relatively high level), and 

75 lead wires for the primary scanning direction (which 
are formed directly on the glass substrate). As a 
result, the insulating material on which the contacts 
connecting the upper electrodes to the lead wires 
for the primary scanning direction are formed has 

20 high curvature and thickness and is therefore prone 
to form cracks. 

In prior art Image sensors, the lower electrode 
arrangement connects the photodiodes to the bloc- 
king diodes. As a result, once the photodiodes and 

25 blocking diodes are formed and overlaid with an 
insulating film, they cannot be inspected indepen- 
dentiy. By contrast, the image sensor of the pre- 
ferred embodiment illustrated in Rgs. 1 and 2 
allows the photodiodes 1 and blocking diodes 2. 

30 even after they are fully formed, to be inspected 
independently until covered by the protective film. 

The image sensor depends significantiy for its 
characteristics on those of the photodiodes and 
blocking diodes incorporated therein. The fact that 

35 these diodes are independentiy inspected after 
they are manufactured helps to improve the effi- 
ciency of evaluating the characteristics of image 
sensor and in performing process control during 
production. 

40 Since each photodiode-blocking diode pair is 

connected back-to-back or front-to-front, static 
electricity (mostiy positive) tiiat may develop in the 
glass substrate invariably produces a reverse volt- 
age in one of the diodes. If the reverse voltage 

45 exceeds the dielectric strength of the diode it de- 
velops in. that diode is destroyed. In prior art 
image sensors, the tower electrode arrangement 
that connects photodiodes to blocking diodes is 
completely covered with an insulating film in an 

so early stage of production. This leaves the diodes 
vulnerable to destruction by the static electricity 
that may develop in the glass substrate during later 
stages of the manufacture. 

By contrast, the image sensor of this embodi- 

55 ment has its upper electrodes connect the 
photodiodes to the blocking diodes, so the upper 
electrodes can remain exposed until the last stage 
of production. The lower electrodes 3a are con- 
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nected to the lead wires for tfie primary scanning 
direction Li - Lts (at holes 8) and exposed at the 
output circuits Ci -Cie. and the lower electrodes 
3b are exposed at the Input circuits Ai - A40. Thus, 
the reverse voltage that may be applied to the 
diodes is removed through the upper electrodes 6 
and through the lower electrodes 3a and 3b. This 
setup dramatically reduces the incidence of diode 
destruction by static electricity. With fewer sensor 
elements susceptible to short-circuiting, the prod- 
uct yield Improves. 

It is to be understood that while the invention 
has been described in conjunction with a specific 
embodiment, it is evident that many alternatives, 
modifications and variations will become apparent 
to those skilled in the art in light of the foregoing 
description. Accordingly, it is Intended that the 
present invention embrace all such alternatives, 
modifications and variations as fall within the spirit 
and scope of the appended claims. 

Claims 

1. An photoelectric transducer device, compris- 
ing: 

an insulating substrate; 
a first electrode mounted on said sub- 
strate; 

a second electrode, mounted on said sub- 
strate, said second electrode being electrically 
separated from said first electrode; 

a photoelectric conversion means for con- 
verting optical radiation impinging thereon to 
electrical energy, said photoelectric conversion 
means being formed on said first electrode; 

a diode means, formed on said second 
electrode, for preventing crosstalk; and 

a third electrode, formed on said diode 
means and said photoelectric conversion 
means, for electrically connecting said diode 
means and said photoelectric conversion 
means. 

2. An photoelectric transducer device according 
to claim 1, wherein said photoelectric conver- 
sion means comprises a photodiode and said 
diode means comprises a blocking diode. 

3. A photoelectric transducer device according to 
claim 1, wherein the material for said first 
electrode comprises chromium. 

4. A photoelectric transducer device according to 
claim 1. wherein the material of said first and 
second electrodes comprise chromium. 

5. A photoelectric transducer device according to 
claim 1, wherein the material of said third 
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electrode comprises chromium or aluminum. 

6. A photoelectric transducer device according to 
claim 1, wherein the material of said third 

5 electrode comprises chromium and aluminum. 

7. A photoelectric transducer device according to 
claim 1 , wherein said electric diode conversion 
means comprises an a-Si diode. 

70 

8. A photoelectric transducer device according to 
claim 1, wherein said diode means comprises 
a blocking diode including o-Si. 

IS 9. A photoelectric transducer device according to 
claim 1, wherein said insulating substrate com- 
prises glass. 

10. An photoelectric transducer device, compris- 
20 ing: 

an insulating substrate; 

a plurality of sensor elements arranged in 
a linear pattern, each of said sensor elements 
including 

25 lower electrodes including a first lower 

electrode mounted on said substrate and a 
second lower electrode mounted on said sub- 
strate, said second lower electrode being elec- 
trically separated from said first lower elec- 

30 trode, 

a photoelectric conversion means for con- 
verting optical radiation impinging thereon to 
electrical energy, said photoelectric conversion 
means being formed on said first lower elec- 

35 trode. 

a diode means, formed on said second 
lower electrode, for preventing crosstalk, and 

an upper electrode, formed on said diode 
means and said photoelectric conversion 

40 means, for electrically connecting said diode 

means and said photoelectric conversion 
means; and 

means for driving said sensor elements in 
a predetermined sequence to read image data 

45 from an original document. 

11. A photoelectric transducer device according to 
claim 10, wherein said plurality of sensor ele- 
ments comprises n sensor elements equally 

50 divided in N sensor blocks each containing k 

sensor elements, the second lower electrodes 
of each sensor block being electrically con- 
nected to each other to form a respective 
common lower electrode, said driving means 

55 driving the sensor elements of the respective 

sensor blocks one sensor block at a time, with 
all of the sensor elements of a respective 
sensor block being driven concurrently through 
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the respective common electrode, said linear 
pattern extending in a primary scanning direc- 
tion, the device further comprising k first lead 
wires extending in parallel in said primary 
scanning direction, each of said first lower 
electrodes including a respective second lead 
wire extending in a secondary scanning direc- 
tion transverse to said first scanning direction 
to electrically connect a respective one of the 
photoelectric conversion means to a respective 
one of said first lead wires such that, for each 
sensor block, each of the k photoelectric con- 
version means of the k sensor elements is 
electrically connected to a different respective 
one of the k first lead wires, said first lead 
wires being disposed on the second lead wires 
with an insulation layer therebetween, said in- 
sulation layer having holes therein through 
which said first lead wires are selectively elec- 
trically connected to respective ones of said 
second lead wires. 

12. A photoelectric transducer device according to 
claim 11, wherein the upper electrodes and 
said first lead wires are formed of a material 
having a lower resistivity than a resistivity of a 
material forming said lower electrodes, the ma- 
terial of said lower electrodes having a higher 
melting point than the material of said upper 
electrodes and said first lead wires. 

13- A photoelectric transducer device according to 
claim 12, wherein the material of said upper 
electrodes and said first lead wires comprises 
aluminum. 

14. A photoelectric transducer device according to 
claim 13, wherein tiie material of said lower 
electrodes comprises chromium. 

15- A photoelectric transducer device, comprising: 
a substrate: and 

a plurality of sensor elements arranged in 
a linear pattern on said substrate, each of said 
sensor elements comprising 

a first lower electrode and a second lower 
electrode, fonmed directly on said substrate 
and being electrically separated from each oth- 
er; 

two diodes consisting of a photodiode and 
a blocking diode, said photodiode being 
formed on said first lower electrode, said bloc- 
king diode being formed on said second lower 
electrode, and 

an upper electrode formed on each of said 
two diodes so as to connect said two diodes to 
each other by one of an anode-to-anode con- 
nection and a cathode-to-cathode connection; 



and 

means for driving said sensor elements in 
a predetermined sequence to read image data 
from an original document 

5 

16. A photoelectric transducer device according to 
claim 15. wherein said plurality of sensor ele- 
ments comprises n sensor elements equally 
divided in N sensor blocks each containing k 

10 sensor elements, the second lower electrodes 

of each sensor block being electrically con- 
nected to each other to form a respective 
common lower electrode, said driving means 
driving the sensor elements of the respective 

76 sensor blocks one sensor block at a time, with 

all of the sensor elements of a respective 
sensor block being driven concurrentiy through 
the respective common electrode, said linear 
pattern extending in a primary scanning direc- 

20 tion, the device further comprising k first lead 

wires extending in parallel In said primary 
scanning direction, each of the first lower elec- 
trodes including a respective second lead wire 
extending in a secondary scanning direction 

25 transverse to said first scanning direction to 

electrically connect a respective one of the 
photodlodes to a respective one of said first 
lead wires such that for each sensor block, 
each of the k photodlodes of said k sensor 

30 elements is electrically connected to a different 

respective one of said k first lead wires. 

17. A photoelectric transducer device according to 
claim 16. further comprising an insulation layer 

35 formed on said second lead wires, wherein 

said first lead wires cross over said second 
lead wires and are selectively connected to 
respective ones of said second lead wires 
through holes formed in said insulation layer. 

40 

18. A photoelectric transducer device according to 
claim 16, wherein the upper electrodes and 
said first lead wires are formed of a material 
having a lower resistivity than a resistivity of a 

45 material forming said lower electrodes, the ma- 

terial of said lower electrodes having a higher 
melting point than the material of said upper 
electrodes and said first lead wires. 

50 19. A photoelectric transducer device according to 
claim 18, wherein the material of said first lead 
wires and said upper electrodes comprises 
aluminum. 

55 20. A photoelectric transducer device according to 
claim 19. wherein the material of said lower 
electrodes comprises chromium. 



8 



15 . EP 0 446 

21, A photoelectric transducer device, comprising: 
n sensor elements arranged on a substrate 
in a linear pattern of a substantially constant 
pitch and equally divided in N sensor blocks 
each containing k sensor elements, each sen- s 
sor element including a photoelectric trans- 
ducer element, a diode element and a connec- 
tion means connecting said diode element in 
series to said photoelectric transducer ele- 
ments, wherein in each sensor element: io 

the photoelectric transducer element in- 
cludes 

a first lower electrode formed on said sub- 
strate, and 

a photoelectric conversion means for con- is 
verting optical radiation Impinging thereon to 
electrical energy, said photoelectric conversion 
means being formed on said first lower elec- 
trode, and 

the diode element includes 20 
a second lower electrode formed on said 
substrate, said second lower electrode being 
electrically separated from said first lower elec- 
trode, and 

a diode means, formed on said second 25 
lower electrode, for preventing crosstalk, the 
connection means of said each sensor element 
comprising an upper electrode, formed on said 
diode means and said photoelectric conversion 
means, for electrically connecting said diode 30 
means to said photoelectric conversion means; 
an output section including 
k storage elements for storing signals, 
connecting means connecting each of the 
k storage elements to the photoelectric conver- 35 
sion means of the sensor elements of the 
same ordinal position among said k sensor 
elements In different sensor blocks, via the first 
lower electrodes of said sensor elements, and 

k first switching elements provided in cor- 40 
respondence with said storage elements, re- 
spectively, for transferring the signals stored 
therein; 

a first shift register means for controlling 
said first switching elements; 4S 

N second switching elements respectively 
connected in series to the diode means of said 
sensor blocks via the second lower electrodes 
thereof; and 

a second shift register means for control- so 
ling said N second switching elements. 
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connecting means comprising k first lead wires 
extending in parallel In said primary scanning 
direction, each of said first lower electrodes 
including a respective second lead wire ex- 
tending in a secondary scanning direction 
transverse to said first scanning direction to 
electrically connect a respective one of the 
photoelectric conversion means to a respective 
one of said first lead wires such that for each 
sensor block each of the k photoelectric conr 
version means of the k sensor elements Is 
electrically connected to a different respective 
one of the k first lead wires, said k first lead 
wires being disposed on said second lead 
wires with an insulation layer therebetween, 
said insulation layer having holes therein 
through which said first lead wires are selec- 
tively electrically connected to respective ones 
of said second lead wires. 



22. A photoelectric transducer device according to 
claim 21 . wherein the second lower electrodes 
of each respective sensor block are electrically 55 
connected to each other to form a respective 
common lower electrode, said linear pattern 
extending in a primary scanning direction, said 
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